Introduction
Brown trout has an outstanding socio-economic importance, both in commercial and sport fisheries, and it is frequently used as tourist attraction (Aas et al. 2000; Butler et al. 2009 ), being the most important and popular recreational fishery all across Europe (Almodóvar & Nicola 1998) . A consequence of this importance is the enormous amount of literature on the ecology of brown trout (e.g. Bagliniére & Maisse 1991; Elliott 1994; Frank et al. 2011) .
Salmonids are top-consumers in freshwater habitats and play an important role as a carrier of energy from lower to higher trophic levels (e.g. Karlsson & Byström 2005) . Many organisms exhibit ontogenetic shifts in their diet and habitat use, which often exert a large influence on the structure and expected dynamics of food webs and ecological communities (Ramos-Jiliberto et al. 2011) . Special attention has been given to ontogenetic shifts studies about habitat preference (e.g. Haury et al. 1991; Ayllón et al. 2010; Parra et al. 2011 ) and feeding behaviour (e.g. Steingrímsson & Gíslason 2002; Montori et al. 2006; Fochetti et al. 2008) in brown trout populations in order to clarify the mechanisms involved during the ontogeny, since ontogenetic shifts may reduce competition facilitating the partitioning of resources (e.g. Elliott 1967; Hyndes et al. 1997; Amundsen et al. 2003; Oscoz et al. 2006) . On the other hand, multivariate approaches like prey trait analysis has been proposed as a functional approach to understand mechanisms involved in predator-prey relationships (de Crespin de Billy & Usseglio-Polatera 2002; , and recently, this methodology has been employed to study the food resource partitioning between sympatric fish species ), providing extremely valuable ecological information on the feeding habits of fish, and complementing traditional diet analysis . Hence, better knowledge on this subject would provide important information on the behavioural feeding habits in brown trout, helping to understand the resource partitioning among age classes. Thus, the aim of this study was to analyse the differences in behavioural feeding habits and use of feeding habitat among brown trout age classes using prey traits analysis in a temperate area, where brown trout is the most important angling species.
Material and methods

Study area
The study area (altitude 1051 m) was located in the River Tormes (Ávila, Central Spain; UTM: 30T 288707 4466342), a tributary of the River Duero (897 km total length). Environmental characteristics of the study site are detailed in .
Fish collection
Fishes were collected in August 2010 using pulsed D.C. backpack electrofishing equipment (Hans Grassl GmbH, ELT60II). For the purpose of the study 43 fishes captured were killed immediately by an overdose of anaesthetic (benzocaine), and transported in coolboxes (approx. 4
• C) to the laboratory, where they were frozen at −30
• C until processing. Age of each individual was determined by scale reading. The study was conducted in a wadeable riffle section, justifying why only one specimen 3+ was collected and why older trout (≥ 4+) were not found. Thus, individuals selected were: 0+ (n = 18, mean fork length = 6.9 cm ± 0.14 SE), 1+ (n = 18, mean fork length = 17.2 cm ± 0.39 SE), 2+ (n = 6, mean fork length = 23.8 cm ± 1.01 SE) and 3+ (n = 1, fork length = 28.6 cm).
Diet analysis
In the laboratory fishes were dissected and the stomachs were removed for the description of the diet. Fishes with empty stomachs were excluded from diet analysis, and also age-3+ were not included in the diet analysis due to only one specimen being captured. Data are offered on relative abundance of prey (A i = ( ΣS i /ΣS t ) × 100, where S i is the stomach content (number) composed by prey i, and S t the total stomach content of all stomachs in the entire sample) and frequency of occurrence of prey (F i = (N i /N) × 100, where N i is the number of fishes with prey i in their stomach and N is the total number of fishes with stomach contents of any kind). Animal prey items were identified to the lowest taxonomic level possible, and the food items of each specimen were counted and measured (total length) with a digital micrometer (Mitutoyo Absulute, 0.01 mm resolution, Japan) to determine differences on size consumption between age classes. When fragmented or partially digested, the number of prey items was estimated by counting body parts resistant to digestion. In those cases, prey length was estimated from the width of the cephalic capsule (see Rincón & Lobón-Cerviá 1999) , which was normally the best preserved part.
In order to evaluate diet specialization, evenness index (E = H'/H'max) was used considering that values close to zero mean a stenophagous diet (i.e. individuals eat a limited range of prey) and those closer to one a more euryphagous diet (i.e. individuals eat a diverse range of prey) (Oscoz et al. 2005b ). Moreover, the Shannon diversity index was combined with the Levins index to assess niche breadth (Marshall & Elliott 1997) . The Shannon diversity index was calculated using the following equation: H' = −ΣP i log 2 P i , where P i is the proportion of the prey item i among the total number of prey. The Levin measure of niche breadth (B) was calculated using Levins (1968) index: B = 1/ΣP i 2 , where P i is the proportion of each prey type i in the diet expressed as fraction rather than percentage (Amundsen et al. 2010) .
Food overlap among the age classes was assessed with Schoener's overlap index (Schoener 1970) . The overlap index has a minimum of 0 (no prey overlap), and a maximum of 1 (all prey items in equal proportions), and diet overlap is usually considered significant when value of the index exceeds 60% (Wallace 1981).
To assess the feeding strategy between age classes studied, the modified Costello (1990) graphical method (Amundsen et al. 1996) was used. In this method, the prey-specific abundance (Ai) (y -axis) was plotted against the frequency of occurrence (Fi) (x -axis). According to Amundsen et al. (1996) , the interpretation of the diagram (prey importance, feeding strategy and niche breadth) can be obtained by examining the distribution of points along the diagonals and axes of the graph.
Prey trait analysis
Prey trait analysis were conducted using the software R (version 2.11.1), a fuzzy principal component analysis (FPCA) was used to analyse macrohabitats and behavioural feeding according to the prey items consumed by fishes. The ADE4 library for analysis in R can be freely obtained at http://cran.es. Table I ). Information was structured using a 'fuzzy coding' procedure (Chevenet et al. 1994) . A score was assigned to each taxon describing its affinity for each category of each trait, with '0' indicating 'no affinity' to '5' indicating 'high affinity'. The taxonomic resolution (order, family, genus) used in the classification process corresponded to the lowest possible level of determination of taxa in fish gut contents. When identification to genus was not possible or in the case of missing information for a certain genus, the value assigned for a trait was that of the family level, using the average profile of all other genus of the same family, as recom- In the present study, seven macroinvertebrate ecological traits were chosen for the analysis of trophic ecology of co-occurring age classes. Thus, the 'tendency to drift in the water column trait', 'tendency to drift at the water surface trait', 'diel drift behaviour trait' and 'trajectory on the bottom and in the drift trait' were used to describe the behavioural feeding habits of the three age classes. The invertebrate preferences ('macrohabitat trait' and 'current velocity trait') were defined at the macrohabitat scale and were used in this study to obtain information on the preferential use of feeding habitat of the three age classes (see trait categories in Table I ). The tendency of different invertebrate taxa to utilize different types of substratum ('substratum trait') was used to estimate their conspicuousness and accessibility to fishes at the meso-and micro-scales (de Crespin de Billy & Usseglio-Polatera 2002). For instance, Heptageniidae nymphs that use exposed microhabitats were more likely to be dislodged from the substratum and enter the drift than Orthocladiinae larvae that use protected microhabitats (Rader 1997 
Statistical analysis
Statistical analyses were conducted using the programme PASW Statistics 18. Kruskal-Wallis tests for non-normal data were used for detecting differences among age classes, and Mann-Whitney U test were used for a posteriori comparisons. A non-parametric observed versus expected χ 2 -test was employed to detect significant differences in the diet composition between age classes (Fochetti et al. 2008 ). Spearman's rank correlations coefficient was used to measure the relationship between trout size and feeding variables (percentage of terrestrial invertebrates, evenness index, Shannon diversity index, Levins index and prey size). All of these tests were considered statistically significant at p level < 0.05.
Results
From 41 stomach contents of 43 brown trout (two stomachs of age-1+ were empty), 616 prey items representing 28 prey categories were identified. The diets of the different age classes consisted primarily of aquatic invertebrates, with Baetis spp. dominating in all cases, but in different proportions (see Table II ). The percentage of caddisflies with case as Allogamus sp. and mayflies as Ecdyonurus spp. tended to increase with age. Concerning terrestrial invertebrates (see Table III ), significant differences among age classes were found (Kruskal-Wallis test; H = 6.34, p = 0.042). Although terrestrial invertebrates were higher in age-1+ than age-0+ (Mann-Whitney U test, p = 0.016) and higher in age-2+ than age-0+ (MannWhitney U test, p = 0.027), no differences between age-1+ and age-2+ were found (Mann-Whitney U test, p = 0.764). Furthermore, the percentage of terrestrial invertebrates in the diet increased with trout size (r = 0.32, p = 0.044).
No differences in the evenness index among age classes were found (Kruskal-Wallis test; H = 3.72, p = 0.156) and the correlation between trout size and evenness index was positive but not significant (r = 0.28, p = 0.77). Table III shows the set of feeding variables that form part of the study.
In our case, according to the Shannon diversity index no differences were found among age Table II . Diet composition for each age class in the Tormes River. Abundance (A i %) and frequency of occurrence (F i %). * Not identified. Indeed, the present study showed that the correlation between fish length and Shannon diversity index was positive but not significant (r = 0.25, p = 0.123). Similarly, no differences in the Levins index were found among age classes (Kruskal-Wallis test; H = 5.51, p = 0.063). However, in this case, Levins index increases with trout size (r = 0.36, p = 0.21). Piscivorous behaviour was found only in age-3+ (Table III) . Diet comparison among age classes, using χ 2 -test, showed no significant differences in the diet composition among age classes (Table IV) . Moreover, the diet overlap of age classes also were analyzed using the Schoener's index, in this case the dietary analyses showed high values of diet overlap (> 0.9, even up to 0.99) (Table V) , and all the age classes showed a remarkable similarity in their prey utilization patterns.
Regarding prey size (total length), there were differences in the average prey size consumption among age classes (Kruskal-Wallis test: H = 12.55, p = 0.002) with higher values in age-2+ than age-0+ (Mann-Whitney U test; p = 0.005) and age-1+ (Mann-Whitney U test; p = 0.008), but no significant differences between age-0+ and age-1+ were found (Mann-Whitney U test; p = 0.93) ( Figure 1 and Table III) . Moreover, the prey size consumed by brown trout increases with fish length (r = 0.60, p < 0.001).
The interpretation of the diagrams of the modified Costello graphical method (Amundsen et al. 1996 ) is shown in Figure 2 . The plot of prey-specific abundance (A i ) and frequency of occurrence (F i ) of the main components of the diet among age classes, showed a different feeding strategy developed by age classes, varying degrees of specialization and generalization on different prey types. In terms of prey importance, Baetis spp. in all cases have been eaten by more than eighty five percent of the individuals (F i = 87.5% in age-1+ to 100% in age-2+) and have a high contribution in specific abundance (A i = 23.93% in age-1+ to 68.95% in age-0+). However, the majority of the prey items presented both F i and A i low values (lower left quadrant) for all age classes (Figure 2) , displaying evidence of a generalist strategy for this prey (e.g. Chimarra marginata, Simuliidae (a), Chironmidae (a) and Ophiogomphus sp.). Amundsen et al. (1996) . Data are presented for each age class.
Concerning macroinvertebrate trait analyses, the two first axes were sufficient to illustrate the relationships among faunal groups according to their combinations of traits ('eigenvalues' of Figures 3 and 4) , and accounted for >60% of the total variability in all cases. Behavioural feeding traits ('tendency to drift in the water column' and 'tendency to drift at the water surface') showed no clear differences for prey of the three age classes (Figure 3a,b) . Opposite, 'diel drift behaviour' trait showed that age-2+ is clearly separated from the other age classes (Figure 3c ). Age-2+ tended to feed on prey with none diel drift behaviour tendency due to the presence of Ancylus fluviatilis, Gerridae, Coleoptera and Formicidae in their stomachs. Opposite, age-0+ preferred to feed on prey with nocturnal diel drift behaviour tendency due to the presence of Philopotamidae (C. marginata). Finally, age-0+ showed a more ample distribution of values in the FPCA in the Figure 3d . Thus, age-0+ tended to feed on prey with oscillatory and by random trajectory (Lumbriculidae, Simuliidae and Chironomidae). Age-2+ tended to feed on prey with lineal trajectory due to the presence of Gerridae.
Regarding habitat traits, as it can be seen in Figure 4a , age-0+ showed a higher spectrum of prey, which reveals a greater ability to prey on different macrohabitats. In contrast, age-2+ preferred to feed on epibenthic prey living in erosional macrohabitats with presence in the water column (Figure 4a) . 'Current velocity' trait showed that age-0+ tended to feed on prey living in moderate current velocities, although overlap was higher between age-1+ and age-2+, preferring feed on prey living in fast current velocities (Figure 4b ). Concerning 'substratum' trait, although age-2+ showed a higher spectrum of prey, due to their preference to feed on macroinvertebrates inhabiting various types of substratum, high overlap was found among age classes (Figure 4c ).
Discussion
Concerning diet composition, results are broadly in accordance with previous studies and Ephemeroptera nymphs seem to be the most important food items, as found by many researchers (e.g. Toledo et al. 1993; Lagarrigue et al. 2002; Oscoz et al. 2005b) . Previous studies have demonstrated that terrestrial organisms consistently proved to be important prey during warmer seasons in salmonids (Nakano et al. 1999; Sánchez et al. 2007; Utz & Hartman 2007) . Opposite our findings clearly demonstrate that aquatic invertebrates dominated the diet in all age classes as Kara & Alp (2005) , who noticed in brown trout that benthic organisms were the most important prey during all the ontogeny, but diet changed with season, habitat and fish size. (1) and histogram of eigenvalues (2, the first two values are in black). Data are presented for each age class. 0+: age-0+, 1+: age-1+ and 2+: age-2+. Ellipses envelop weighted average of prey taxa positions consumed by age classes: Labels (0+, 1+ and 2+) indicate the gravity centre of the ellipses. Filled lines link prey families (represented by a point) to their corresponding predator but are only 80% of their total length for readability. Dotted lines represent the width and height of ellipses. Details and data needed for the elaboration of "a" to "d" graphics can be found in the material and methods section and Table I. Regarding the modified Costello graphical method (Amundsen et al. 1996) , previously Oscoz et al. (2008) have demonstrated the generalist feeding strategy in brown trout using this graphical method, whereas Encina et al. (2004) found that brown trout was a specialist feeder with a narrow diet breadth. In our case, the majority of the prey items were positioning mainly in the lower left quadrant of the feeding strategy plots, indicating a generalized feeding strategy (Amundsen et al. 1996) like found Oscoz et al. (2005a) in Oncorhynchus mykiss (Walbaum, 1792) . However, Baetis spp. in all age classes have been eaten by more than eighty five percent of the individuals and have a high contribution in specific abundance, displaying evidence of a less generalist strategy.
During their life history brown trout undergo ontogenetic habitat and dietary shifts (e.g. Fochetti et al. 2008; Ayllón et al. 2010) . These shifts during fish life stage transitions may be accompanied by a marked reduction in the intra-specific competition of the fish population, facilitating the partitioning of resources (e.g. Elliott 1967; Amundsen et al. 2003; Oscoz et al. 2006) . Moreover, in brown trout the level of competition varied through ontogeny (Parra et al. 2011) . Thus, several researchers have found that the diet in brown trout changes with age (e.g. Elliott 1967; Vøllestad & Andersen 1985; Fochetti et al. 2008) . Our results confirm that diet comparison among age classes showed a remarkable similarity in their prey utilization patterns; however the high overlap values found in the present study may not indicate competition, since fishes can adopt different strategies to overcome competence ). In our case food resource can be shared by age classes at three different levels. First, the diet composition may change with age, being terrestrial invertebrates and fishes more frequently consumed by older trout (Mittelbach & Persson 1998; Montori et al. 2006; Fochetti et al. 2008 Figure 4 . Biplot of gut contents obtained from a fuzzy principal component analysis (FPCA) based on the preferential habitat utilization for feeding of the three age classes. Distribution of each trait according to the gut contents (1) and histogram of eigenvalues (2, the first two values are in black). Data are presented for each age class. 0+: age-0+, 1+: age-1+ and 2+: age-2+. Ellipses envelop weighted average of prey taxa positions consumed by age classes: Labels (0+, 1+ and 2+) indicate the gravity centre of the ellipses. Filled lines link prey families (represented by a point) to their corresponding predator but are only 80% of their total length for readability. Dotted lines represent the width and height of ellipses. Details and data needed for the elaboration of "a" to "c" graphics can be found in the material and methods section and Table I. increased with trout size although no significant differences between age-1+ and age-2+ were found, these findings emphasize the observations of other researchers and are broadly in accordance with Montori et al. (2006) and Fochetti et al. (2008) . Piscivorous behaviour is frequent in large brown trout, and most studies show that it occurs in individuals with a size of 20-30 cm (Kahilainen & Lehtonen 2002; Jensen et al. 2004 ). Our results showed that Pseudochondrostoma duriense (Coelho, 1985) only were found in age-3+ (28.6 cm), and accentuated the importance of the piscivorous behaviour of older trout like other researchers have found (e.g. Mittelbach & Persson 1998; Kahilainen & Lehtonen 2002; Jensen et al. 2004) . Second, several researchers have found that niche breadth increases with body size (Montori et al. 2006; Oscoz et al. 2006) . Our results are consistent with those obtained by Montori et al. (2006) and Oscoz et al. (2006) , and niche breadth, measure as Levins index, increases with fish length. However, a noteworthy result of this study is that no differences were found in the Shannon diversity and evenness indices among age classes, but the relationship of both indices with trout size was positive but not significant. Third, resource partitioning among age classes may also occur at the level of prey size. Large trout ate larger prey, than did small trout (Steingrímsson & Gíslason 2002; Montori et al. 2006) , as it may be the case in our study.
It is well known that adults prefer to occupy deeper water than juveniles (Haury et al. 1991; Ayllón et al. 2010) . In this study, although the differences in the amount of terrestrial invertebrates consumed by age classes were evident, prey trait analysis showed that no differences among age classes were found on the ability to feed at different depths of the water column. Concerning diel variation in the feeding behaviour in brown trout, previously, Bachman et al. (1979) stated that brown trout yielded a bimodal (crepuscular) pattern, with a major peak at dawn and a lesser one around dusk. Indeed, in salmonids there are frequent ontogenetic changes in diel activity Downloaded by [University of Santiago de Compostela], [Dr J. Sánchez-Hernández] at 05:11 26 September 2012 (Railsback et al. 2005; Johnson et al. 2011) . Thus, Railsback et al. (2005) found in age-2+ had more consistent behaviour, feeding almost exclusively during the day. Our findings showed that age-2+ was clearly separated from the other age classes, exhibiting a preference to feed on prey with no diel drift behaviour tendency due to the presence of Ancylus fluviatilis, Gerridae, Coleoptera and Formicidae in the diet.
Regarding habitat traits, several authors have reported that habitat use changes during ontogeny for brown trout, preferring deeper and slower flowing water as they increased in size (e.g. Haury et al. 1991; Roussel & Bardonnet 1999; Ayllón et al. 2010 ). In our case, prey traits analysis showed that age-0+ tended to feed on prey living in moderate current velocities, although overlap was higher between age-1+ and age-2+, preferring to feed on prey living in fast current velocities. Moreover, our results demonstrate that age-0+ showed a higher spectrum of prey, which revealed a greater ability to prey on different macrohabitats, whereas age-1+ and age-2+ preferred to feed on epibenthic prey living in erosional macrohabitats. Differences that can be related to the hypothesis that feeding and refuge patches in fishes, normally, were different as has been stated by several researchers (Clapp et al. 1990 ; García de Jalón 1992; Metcalfe et al. 1998; Meyer & Holland 2005) , and brown trout is a habitat generalist and the spatial variations in habitat selection patterns are driven by physical and environmental factors operating at multiple spatial scales (Ayllón et al. 2010) . Finally, although no great differences in substratum trait were found, age-2+ showed a higher spectrum of prey, due to their preference to feed on macroinvertebrates inhabiting various types of substratum.
In conclusion, our study supports the hypothesis that the differences in the behavioural feeding habits and habitat utilization for feeding among age classes could reduce the trophic competition, and may be seen as important adaptations in brown trout populations which allows food resource partitioning.
